Although my subject, nystagmus, is one in which otologists, neurologists and ophthalmologists share a common and lively concern, it is also, in the nature of things, one which falls between them. This is not as it should be. Progress depends very much upon a happy co-ordination of interest and effort; and certainly, much of what I have to say must owe its value to the co-operation which I have received from my neurological and other colleagues during the course of my work at the National Hospital, Queen Square, London. I am happy indeed to acknowledge this.
CANAL NYSTAGMUS
The nystagmus type which I have chosen as my first theme has its source in the vestibular system, and, though normally caused by excitation of the semicircular canals, may also result from organic damage of their sense organs, or their associated neuronal elements in the vestibular nerves or nuclei. This vestibular nystagmus consists of an alternating succession of slow and rapid conjugate ocular deviations from which its recordings derive their characteristic saw-toothed wave form. It is customary to specify its direction in terms of its rapid component and to this convention I shall adhere.
Since the days of Barany much has been accomplished by neuroanatomists and physiologists to advance our understanding of its mechanism. Mach and Breuer, working in the latter part of the last century had taught us correctly to consider the canals as inertia-operated accelerometers with sense organs which react to angular accelerations of the head occurring in their plane but are quiescent in its resting state. Ewald's experiments (1892) , carried out a little later, seemed to extend our information in that each horizontal canal was Hallpike & Hood 1953, by kindrpermission) for reacting preponderantly to an ipsilateral head movement. In 1936, however, Lowenstein & Sand applied to the situation the more penetrating weapon of electrophysiology and our views have been profoundly affected by their findings (Lowenstein & Sand 1940) . These are represented in Fig 1. With the cupula at rest a steady stream of action potentials is initiated by its end organs and can be recorded by means of an electrode on the canal nerve. With the cupula displaced towards the utricle this resting discharge is increased. With an opposite displacement it is diminished. From The structural basis of this signalling system has been further illuminated by the electron microscopic studies of Wersiill (1956 ), Lowenstein & Wersall (1959 and others. Fig 2 shows a hair cell from a canal crista. It carries an aggregation of fine hairs, the stereocilia, with, at one extremity of the group, a single hair, longer and denser, the kinocilium. The stereocilia are, so to speak, cut on a slope inclining upwards towards the kinocilium. Lowenstein and Wersall also studied the electron microscopic orientation of the hair cells on the crista. As shown in Fig 3, they found them to be arranged on the sides of the crista with a remarkable geometric uniformity, with the slopes of their stereocilial groups presented towards the lumen of the canal. From this we are enabled to infer that it is a cupular displacement up these slopes which excites the hair cells and accelerates the resting discharge; a cupular displacement down the slopes will decrease it. Ultimately, therefore, the responses of the canal sense organs and their directionality are shown to depend upon the ultrastructure of these sensory cells and their arrangement upon the sides of the crista.
Although angular accelerations about the vertical axis of the head constitute the normal adequate stimulus for the horizontal canals, their use for routine clinical investigations is subject to a well known practical limitation. Thus the stimulus is applied equally to both canals and in the normal subject both contribute equally to the total response. This is what we measure in our patients and it may exhibit a partial defect. However, what we wish to know but are not told is from which canal the defect proceeds. Clearly, the test we need is one whereby a known stimulus is applied to a single known sense organ and this we have in the caloric test of Barany. In 1942 Fitzgerald and I developed and described a standardized procedure for the carrying out of the caloric tests which has since provided a great deal of valuable information. I propose to give a very brief outline of its details. These are shown in Fig 4. The patient lies comfortably on a couch with his head immobilized and raised some 30 degrees above the horizontal, thus bringing the horizontal canal, the organ under examination, into the vertical plane, its position of maximum sensitivity to thermal stimuli. Irrigation of the meatus with warm water at a temperature of 44°C causes a thermal displacement of the endolymph towards the cupula which is thereby moved towards the utricle. A cold stimulus, 30°C, reverses the direction of the endolymph displacement and of the cupular movement. In either case nystagmic reactions follow which are roughly equal in duration but opposed in direction, and it is with these that we are concerned.
With cold stimulation of the left canal there is a slow movement of the eyes to the left with a rapid return to the right, that is to say, nystagmus to the right. With a hot stimulus, the nystagmus direction will be to the left. It is important to note that nystagmus arising from a horizontal canal, whether it results from caloric or electrical stimulation or from a destructive lesion of the canal itself, is essentially dependent upon a state of imbalance between the resting discharges in the two ampullary nerves-its own and that of the opposite canal. We can say that for each canal this discharge is tending to bring about an ipsilateral nystagmus. Nystagmus to the right will arise from cold stimulation of the left canal, and will as well result from hot stimulation of the right. It will equally result from destruction of the left canal or section of the left vestibular nerve. As a corollary, equal and simultaneous caloric stimulation, hot or cold, of the two canals will produce equal displacements of the cupulh with equal changes, increases or decreases, of the action potential discharges. These will remain in balance, and there will be no nystagmus and no vertigo. One characteristic of canal nystagmus which is of particular importance is its enhancement when visual fixation is abolished. Fig 5 shows an electrical recording of canal nystagmus with and without fixation. The nystagmus was evoked by a hot stimulus applied to the right horizontal canal in accordance with the normal caloric test procedure. Rightward movements of the eyes are recorded as upward movements of the pen. The record was taken at the end of the visible nystagmic reaction as seen with visual fixation maintained. Initially, therefore, the record shows no nystagmus. At the point indicated fixation is abolished by darkness and brisk nystagmus reappears with its rapid component to the right. Below are the responses to the hot stimulus; their durations are rather shorter. For convenience, the responses are numbered 1 to 4 from above downwards and it is important to note that 1 and 4 consist of nystagmus to the right; 2 and 3 of nystagmus to the left. The commonest derangement of this normal pattern arises from a loss of sensitivity of one or other of the two canals, a so-called canal paresis. When this occurs there is a shortening of the two corresponding responses -1 and 3 for a left paresis, 2 and 4 for a right paresis. In addition there occurs a more subtle derangement which we know as directional preponderance. This is shown in The phenomenon of directional preponderance seems to depend upon the extent to which the real resting position, or zero setting of the eyes, coincides with the straight ahead line of gaze in which the caloric tests are carried out. If, as in a normal subject, it does so coincide, then there is no directional preponderance. If it does not, if there is displacement of the zero, then directional preponderance results. In explaining how this comes about good use can be made of the phenomena ofAlexander's law. The law has it that canal nystagmus is enhanced by voluntary deviation in the direction of its rapid component. Deviation in the opposite direction will reduce it.
The phenomenon can be explained in terms of the elastic forces residing in the ocular muscles and other orbital tissues which combine to resist deviation of the eyes from their natural resting position in the straight ahead line and to restore them thereto. Fig 8 shows Let us now suppose that, instead of a normal subject with the zero setting of his eyes displaced by a voluntary deviation, we have an abnormal subject in whom the zero setting has been similarly displaced by a disturbance in the symmetry of the vestibular tonus, such as may result from unilateral vestibular disease. For instance, a lesion of the tonus organs of the right labyrinth, in particular its utricle, will bring about a persistent tendency of the eyes towards a rightwards deviation. If in such a case we carry out the caloric tests with the eyes in the straight ahead line, this tonic deviation of the eyes to the right will operate throughout the tests and the result will be a preponderance to the left. This is explained in Fig 9 . Caloric nystagmus has been induced to the left. The vestibular tonus asymmetry causes a tendency of the eyes to deviate to the right. In other words, there is a displacement to the right of their zero setting. The nystagmus is observed as usual, with the eyes in the straight ahead line. When, therefore, the pattern of the caloric tests carried out according to the standard procedure shows a directional preponderance, we are thereby informed of the existence of a lesion of one of the various nervous mechanisms which normally maintain the zero setting of the eyes in the straight ahead line. Of these there are a number. Vestibular disturbances are common but derangements of cerebellar, cerebral and brain-stem mechanisms are also encountered and are of considerable practical importance.
POSITIONAL NYSTAGMUS OF THE BENIGN PAROXYSMAL TYPE
The nystagmographic and other characteristics of canal nystagmus and the way in which it can be influenced by the otolith organs is highly relevant to my next theme, the neurological mechanism of a common disorder of the human vestibular system, nowadays known as the benign paroxysmal type of positional nystagmus. First described by Barany in 1921 , its clinical features are well known. The patients are usually adults within the age range of 40 to 60 years and their complaint is of attacks of vertigo. Some give a history of head injury or ear disease but most do not, and in a typical example nothing abnormal is to be seen on examination of the ears, nose and throat, nor are there any neurological abnormalities. Tests of hearing give normal results, as do the usual caloric and other tests of vestibular function. The nature of the trouble is revealed by the test procedure shown in Fig 10. The patient is seated on a couch with his head inclined towards the examiner upon whose forehead he fixes his gaze. His head is lowered rapidly to the second position and then, usually after a short latent period, he shows signs of distress followed by a paroxysm of vertigo accompanied by nystagmus, the latter usually presenting a strong rotatory element directed towards the undermost ear. It increases rapidly, diminishes and then disappears, usually within a period of twenty to thirty seconds. If the test is repeated the response may reappear but usually does so in a diminished form and, as a rule, a rest period is required before it can be once more elicited with its original severity.
The condition nearly always pursues a benign course and the essentials of treatment are reassurance and the avoidance of the critical head position. This, and the absence of neurological signs, substantially exclude the presence of any serious progressive lesion of the vestibular elements within the central nervous system and this directs us, in seeking its cause, to the labyrinths. Barany was impressed with the fact that the nystagmus seemed to be dependent upon a critical position of the head in space, and argued accordingly that its pathological basis must be an otolith lesion. In the course of my work at the National Hospital, Queen Square, I have had valuable opportunities, in association with my colleagues there, of studying the disorder and together we have been able to provide certain additional information both clinical and histopathological.
Dr Dix and I (Dix & Hallpike 1952) sought answers to two questions: (1) Is the lesion in the labyrinth? (2) If so, in which? In surveying our material we found that although in many cases there was no evidence of ear disease, careful investigation revealed such evidence in a significant proportion, usually in the shape of old middle ear disease or of labyrinthine trauma. Furthermore, when such ear disease was present it usually affected the labyrinth placed undermost in the test position. These findings led us to conclude that the condition was due, at any rate in some cases, to an organic, self-limiting affection due to trauma, infection or vascular occlusion and involving the otolith apparatus of the undermost ear. We argued further that since the caloric responses were usually normal the lesion in question was likely to be an irritative one resulting from some abnormal reaction to the test stimulus of the neurosensory mechanism. Evidence in support of these views was later adduced from the results of a histological study of the temporal bones in two subjects, both of whom exhibited during life the typical symptoms and signs. In both of these there was clear evidence of organic changes in the otolith apparatus of the undermost labyrinth. Fig 11 shows the macula of a normal human utricle with normal structure of the sensory epithelium and otolith membrane and a normal complement of nerve fibres in the subepithelial connective tissue. Fig 12 shows the affected utricle in one of our two subjects. The epithelium is disorganized and the subepithelial connective tissue shows much fibrosis with cellular infiltrations and new bone formation. The tissue changes represent the aftermath of a low-grade infective process or a vascular occlusion. Some years later it was possible to advance additional evidence in support of the hypothesis of an irritative lesion of the undermost labyrinth by means of some observations carried out in association with Mr L Citron and Mr Wylie McKissock (Citron & Hallpike 1956 , 1962 on the effects of surgical ablation of the function of the undermost labyrinth. In two typical cases the labyrinth was exenterated. In a third case intracranial section of the vestibular nerve was performed. In all three cases the operations were followed by the disappearance of the positional nystagmus.
If we are now to accept the evidence of an irritative vestibular lesion we are still left to explain its neurological mechanism. In particular we need to ask whether the lesion affects the otoliths alone, the canals, or both. Here also it is now possible to offer some additional observational data. Barainy's use of the adjective 'positional' to describe the nystagmus stressed from the outset the probability of its dependence on the otolith organs. Stenger (19S5) and others, however, have argued that the reaction is, at any rate in part, a canal reaction and this is certainly in line with much physiological evidence that vestibular nystagmus arises from the canals and from no other part of the labyrinth. Clinical observation too, supports this. For instance, experience of the test makes it difficult to doubt that the elicitation of the response depends quite clearly upon a certain sharpness with which the head is moved into its resting position. This in itself suggests a reaction of the canal organs. Stenger (1955) and Frenzel (1960) , who have made notable contributions in this field, emphasize that the reaction depends not only on the position into which the head goes but also on of its goingthat it is less a matter of positional or lage-nystagmus than of positioning or lagerungs-nystagmus. This is a particularly penetrating suggestion which in my view really hits the nail on the head. Its implication is that in the motion to the critical head position something other than the otolith or positional organ is stimulated and this can only be the canals.
If we are to accept this argument, that the nystagmus arises from the canals, then two requirements need to be satisfied: (1) that the directional character of the nystagmus should be appropriately related to the pattern of the stimulus which is applied to the canals in the course of the positioning movement: (2) that it should exhibit that enhancement in the absence of visual fixation which we know to be characteristic of canal nystagmus. It now seems that both these requirements are in fact satisfied.
Let us consider first how the physical stimulus is distributed to the six canals. Fig 13 shows a human skull base with the four vertical canals exposed. The plane of the head movement used to elicit the nystagmus is represented by the vertical line which, it will be seen, coincides almost exactly with the planes of the left anterior and the right posterior vertical canals. These therefore react maximally to the stimulus. The other pair of vertical canals are disposed at right angles to the plane of the head movement and their reactions are therefore minimal. As the head moves backwards on the vertical line, the endolymph will move forwards and to the left, and will be accompanied by a slow rotation of the eyeballs in in the same plane. Let this now be followed by a rapid rebound and we have the constituents of the major element of the nystagmus seen in our patients, rotatory with its rapid component to the subject's undermost ear.
The disposition of the horizontal canals leads us to expect that these too would react to the stimulus, so giving rise to a horizontal element in the nystagmus. These canals lie with their anterior or ampullary ends raised some 30 degrees above the horizontal skull plane. It follows that when the head is moved back there will be a slow movement of endolymph in the horizontal canals to the subject's right. In terms of a nystagmic reaction this will mean nystagmus to the left. This too is evident in the nystagmus seen in our patients, which exhibits a horizontal component with its rapid component directed towards the uppermost ear. As seen by the examiner, this component tends to be overshadowed by the much larger rotatory component. When, however, we record the nystagmus electrically this horizontal component is clearly seen. For electrotechnical reasons however, the rotatory component is not recorded. We axe thus able to say that the directional characteristics of the nystagmus are appropriately matched to the pattern of the physical stimulus which is applied, to the canals by our test procedure. Fig 14. At the point indicated the head is taken back into the test position, backwards and to the right, and the nystagmus soon appears, with its rapid horizontal component directed to the subject's left. Its amplitude in darkness without fixation is brisk. When fixation is restored the nystagmus is at once sharply reduced.
These observations on the directional characteristics of the nystagmus and its enhancement with-out visual fixation go far, I think, to justify the view that it should be designated a 'canal' nystagmus. But even if we accept that it is a canal nystagmus arising from the excitation of a known pair of canals, we cannot disregard Bnrany's demonstration that for its elicitation the head must also be brought into a certain position of rest. This makes it difficult to deny to the otoliths a role of importance.
In the course of his extensive studies of the vestibular system Lorente de No (1931, p 107) has much to say on the subject ofpositional nystagmus and speaks of it as arising from a certain disturbance in the normal harmony between the canal and otolith responses, a suggestion which deserves to be pursued. Thus it could be supposed that the nystagmus arising from canal stimulation is in some way inhibited in the normal subject by a concomitant and integrated response from the otolith organs. If for any reason this inhibition is deranged then nystagmus makes its appearance. Such a failure of inhibition could, of course, well be equated to the abnormal excitation which was postulated by Dr Dix and myself. Our first requirement, however, is some more direct evidence that this kind of integration between canal and otolith organs does in fact take place and in this connexion the recent electrophysiological investigations of Duensing & Schaefer (1959) of Freiburg are highly relevant. They used micro-electrodes implanted into individual cells of the vestibular nuclei and were able to record their responses to physiological stimulation of the vestibular sense organs. Fig 15 shows some of their records. The electrode is implanted in a cell of Deiters's nucleus on the right side of the brain stem. The cell receives afferent fibres from the right horizontal canal. This is proved by the demonstration of a well marked resting discharge which increases and decreases with rotational stimuli in the manner described by Lowenstein & Sand. Thus, with rotation to the right the resting discharge increases. With rotation to the left it decreases. Now we can consider the evidence of canal and otolith interaction. That this occurs is shown by the effect on the resting discharge from the canal organs of maintaining certain positions of the head. With the head on the right, this discharge shows an increase which is brisk and long sustained. With the head to the left we see the oppositestrong and sustained inhibition'.
That this kind of integration should take place in single cells of the vestibular nuclei certainly makes it easier to accept the concept of Lorente de N6 (1931, p 107) of positional nystagmus as an example of functional disharmony between the canal and otolith mechanisms. It makes it clear, too, that as Duensing & Schaefer (1959) say, the cells of the vestibular nuclei are not mere relay stations but perform important integrative functions.
An obvious inference to be drawn from these records is that by virtue of the convergence of canal and otolith neurones at the level of Deiters's nucleus a canal nystagmus may normally be inhibited by an otolith mechanismor at any rate by something which reacts to gravity. Clearly if this otolith mechanism were deranged there would be no inhibition and the result would be the nystagmus which we see in this type of positional nystagmus. This would fit in well with the histological evidence, at any rate in some cases, of an organic affection of the otolith apparatus.
However, other possibilities deserve consideration. Thus Ledoux (1958) in the course of his electrophysiological studies was able to demonstrate that the resting action potential discharges in the nerves of the vertical semicircular canals were notably affected by head positioning. In other words, the cupular mechanisms in addition to signalling angular accelerations occuring in the plane of the canals also act as gravity receptors. We are therefore free to suppose that under certain circumstances this gravity response can normally inhibit a nystagmic response arising from an angular acceleration. Should the gravity mechanism fail, however, then the nystagmus will manifest itself. Thus it seems that the positional nystagmus could be explained entirely in terms of a peripheral mechanism contained in the neurosensory apparatus of the cupula itself.
Thisis as far as we can take the matter. Certainly it seems clear that the nystagmus has its origin in canal stimulation with emphasis upon a particular 'Later investigations (Duensing 1967, personal communication) provide evidence that the same kind of interaction occurs, and in a more conspicuous form, in the elements of Deiters's nucleus which are associated with the vertical canals 1049 pair of the vertical canals. To this we can add, with some confidence, that its manifestation arises from the failure of an inhibitory action normally exerted by some gravity operated mechanism. This may have its source in the otoliths, in the neurosensory apparatus of the canals themselves, or in both. Much remains to be explained. Why, for instance, does the nystagmus so often make its appearance after a latent period which may be as much as five seconds, long after the restitution of the cupular displacements which cause it? It is not, therefore, enough to argue that the nystagmus arises from the failure of an inhibitory mechanism. There must be something else. Somehow, something else in the nervous system must preserve and revive the image of the nystagmogenic stimulus.
CENTRAL OR DEVIATION-MAINTENANCE NYSTAGMUS
What I have said of canal nystagmus, its characteristics and the way in which it may be modified by otolith derangements falls chiefly within the circle of interest and training of the otologist.
I wish now to consider another type of nystagmus, better known to neurologists, to which the term 'central nystagmus' is frequently applied. Various organic affections of the brain stem cause it. These may be intramedullary, such as disseminated sclerosis or syringobulbia; alternatively, the brain stem mechanisms may be deranged by the pressure of extramedullary tumours such as acoustic neurofibromata.
In the course of my work at the National Hospital, Queen Square, my colleagues and I were enabled to study many cases of the latter condition and in Table 1 are shown the characteristics and probable course of development of the nystagmus in 75 cases. The tumours were all unilateral, affecting either the left or the right nerve, and we considered only the nystagmus observed in the horizontal plane. To simplify analysis all tumours of the right nerve were considered as tumours of the left, with transposition of the laterality of the nystagmus and other neurological signs. In effect, therefore, our material consisted of 75 cases of neurofibroma of the left VIII nerve. The terms 'first degree' and 'second degree' have been applied to the nystagmus in accordance with convention. Thus, nystagmus to the left is said to be of the first degree when present only with gaze to the left; of the second degree when present both with gaze to the left and, to a lesser extent, in the straight ahead line.
In group 4, the largest group shown in Table 1 , the nystagmus was symmetrical, being of the first degree to the left and right. Groups 5, 6 and 7 were all large and comprised 35 cases in which the nystagmus was preponderantly to the right. Groups 1, 2 and 3 were very small, comprising only 5 cases in which the nystagmus was preponderantly to the left. These data establish the fact that the nystagmus is essentially bilateral, occuring with deviation either to left or to right. Furthermore, there is a marked preponderance of the nystagmus to the right. It is believed, too, that in the majority of cases, the character of the nystagmus tends to develop in a certain sequence that it appears first as type 7, developing, it may be, into type 4 but often into type 5. This cannot of course be stated with certainty since in many cases the nystagmus type recorded was that seen at the first and only examination. In consequence, if a case of group 5 be taken as an example, it could be claimed that the nystagmus, from the time of its first appearance, had been present unchanged in this particular form.
While this possibility cannot be denied, the strong directional pattern of the data in Table 1 , together with the fact that the sequence in question has been actually observed in some of the subjects, strengthens our belief that it is generally followed in the others. The nystagmographic characteristics of the nystagmus are of great importance and in Figs 16-18 are shown some records taken from a characteristic case of our group 5, exhibiting second degree nystagmus to the right and first degree nystagmus to the left.
The records shown in Fig 16 were supported before him upon a rest at various known deviations to left and right of the straight ahead line. Two recording pens are used. One records the eye movements; the other the deviation of the fixation point, the patient's thumb, 10, 20 or 30 degrees to right or left. With gaze straight ahead, slight but definite nystagmus to the right is present. With gaze deviated 30 degrees to the right, the nystagmus is increased, well sustained and extremely regular. With gaze to the left, first degree nystagmus to the left is present. It has a rather smaller amplitude than that to the right; its frequency, too, is less and also the speed of its slow component. The records shown in Fig 17 reveal the effect upon the nystagmus of abolishing visual fixation. First, as before, the subject in the light fixes his gaze on his thumb deviated to the right and left with resultant nystagmus in both directions. Between the arrows there is darkness and the patient makes no attempt to maintain deviation of his eyes upon his thumb by means of his proprioceptive mechanisms. Both from the left and the right the eyes swing back towards a resting position nearer to the midline and nystagmus ceases.
The records shown in Fig 18 demonstrate the effect upon the nystagnus of a rather different test procedure. First the subject in the light fixes his eyes upon his thumb, deviated to the right and left, with first degree nystagmus in both directions. Between the arrows, visual fixation is abolished but the subject then endeavours to maintain deviation upon his thumb by means of his proprioceptors. It will be seen that both to the right and to the left the conjugate ocular deviations are quite well maintained and that some nystagmus persists. Its character, however, changes. It now has a larger amplitude but is irregular and a great deal slower, particularly in respect of the speed ofits slow component. It will be seen that in contrast to canal nystagmus, the abolition of visual fixation, far from enhancing the nystagmus, tends to abolish it. Expressed in reverse, nystagmus is increased by fixation and seems to depend upon it. Holmes (1917) and others have called it fixation nystagmus. Others, including Kestenbaum (1948) , use the term 'gaze nystagmus'. However, the nystagmus does not really seem to depend on any visual mechanism per se, as implied by the words gaze and fixation. Provided that the conjugate deviation is maintained, and that without the intervention of any visual mechanism, then the nystagmus occurs. For this reason it seems both correct and convenient to call it a deviation maintenance nystagmus. Walshe (1963) very properly calls attention to the fact that the nystagmus is coupled with voluntary effort and equates it to the intention tremor of cerebellar disease. Although this goes very near to the mark I feel reluctant to accept the designation of 'cerebellar' since it throws out of focus what would seem to be a 3)0 _ central fact of the pathology of this kind of nystagmusnamely that the lesion is essentially one of the brain stem itself where it affects certain volitional and vestibular elements which are concerned with conjugate deviation of the eyes. Cerebellar components are no doubt associated with these elements and may well be deranged with them. Nevertheless, the essential requirement seems to be that the lesion itself should exert its primary impact upon these other elements within the brain stem, to which I have referred. These need to be identified more closely and here Dr Dix and I sought to be guided by two clear-cut features of the nystagmus of a left VIII nerve tumour. We asked two questions: (1) Why the tumour by virtue of its growing pressure upon the left side of the lower brain stem should produce in a definite succession, first nystagmus to the right followed closely by nystagmus to the left. (2) Why the nystagmus both to right and left should be of the deviation maintenance type.
I will consider the second question first. Two deviational mechanisms are thought to exist and the first to be affected is one which normally subserves deviation to the right. As we have argued (Carmichael et al. 1965) , this is likely to be the left vestibular tonus elements lying rather low in the vestibular nuclear complex opposite to the main bulk ofthe tumour. These elements and their opposites each normally tend to cause contralateral deviation of the eyes. In this their actions are normally in balance with no disturbance to the normal zero setting of the eyes. If, however, the left nuclei are damaged, the result will be a tendency to left deviation and a difficulty in sustaining deviation to the right; a difficulty which will be accentuated by concomitant damage of their associated reticular elements. This deviation maintenance nystagmus to the right is soon followed by a deviation maintenance nystagmus to the left, and this we have sought to attribute to damage sustained at a high level of the left side of the brain stem by certain descending tracts which subserve conjugate ocular deviations and have been well studied by Bender & Shanzer (1964) . Using the electrical stimulation technique they were able to show that these descending tracts cross the midline at about the level of the oculomotor nuclei and then travel caudally to a level below the VI nerve nuclei. Below the oculomotor nuclei each tract subserves ipsilateral deviation of the eyes. The topography of the tract is shown in Fig 19. The position of the tract at the two levels shown clearly makes it vulnerable to pressure from an ipsilateral VIII nerve tumour, particular in the later stage of its development with growth extending towards the tentorium. The result will be a weakening of ipsilateral conjugate deviation. Fig 20 indicates how we believe the influence upon conjugate ocular deviations of the voluntary and vestibular tonus mechanisms within the brainstem may be deranged by a left acoustic neurofibroma. The eyes are represented by the pointer. On it each voluntary mechanism exerts an ipsilateral, each vestibular mechanism a contralateral, deviational force. The effect upon these elements of a left acoustic neurofibroma in its neurological stage would in most cases be exerted first upon the vestibular mechanism and its associated reticular elements, with resultant weakening of contralateral deviation. This would explain the the deviation maintenance type of nystagmus to LEFT (1931) has been an outstanding one and his observations established the fact that it is frequently associated with deep-seated lesions of the central nervous system within the posterior fossa. Dr Dix and I have also observed that it sometimes accompanies the spontaneous deviation maintenance nystagmus found in VIII nerve tumours in the neurological stage of their development and then introduces into its pattern certain ordered modifications. The effect of alcohol in bringing about this central type of positional nystagmus in the human subject has also been carefully studied by Aschan and his co-workers and fully described in a series of important papers (Aschan et al. 1956 ). The character of the nystagmus will first be considered. Nylen calls it the direction-changing type of positional nystagmus and this describes it well. As a rule the patients exhibit no evidence of involvement of the peripheral parts of the VIHI nerve system. Hearing is usually normal and the caloric responses present and even exaggerated. With the head erect some spontaneous nystagmus is usually present and is revealed by nystagmography to be of the deviation maintenance type. The directional characteristics of the nystagmus are indicated in Fig 21. In the supine position with the head to the right the nystagmus in terms of its rapid component, beats to the left. With the head to the left it beats to the right. In either case it is indefinitely sustained and unaccompanied by vertigo or nausea.
RIGHT
As for its anatomical basis, no very close analysis has been possible in human subjects. The often widespread, involving both cerebellum and brain stem, and we have not from our own observations been able to carry the matter beyond the point reached by Nylen and others. Nevertheless, one element of the anatomical evidence which has a possible localizing value is the fact that the type of positional nystagmus in question is not infrequently associated with tumours which arise within the fourth ventricle or abut upon or infiltrate its floor, as in the case of tumours of the inferior cerebellar vermis or of the brain stem itself. Here some clinical observations made some years ago at the National Hospital, Queen Square, are relevant and will be briefly described, together with the results of a nystagmographic analysis of the positional nystagmus carried out at that time with Dr J D Hood. The patient, under the care of Dr R Bannister, was a man aged 31, who exhibited a number of neurological signs and symptoms indicative of a neoplasm of the brain stem, perhaps a glioma, perhaps an ependymoma. This, and the relationship of the lesion to the fourth ventricle was confirmed by air encephalography which revealed marked backwards displacement of the cavity of the fourth ventricle. Nothing abnormal was to be seen on bxamination of the ears, nose and throat and the hearing was normal.
Some spontaneous nystagmus was present with the head erect, but the caloric responses were normal. The chief otoneurological abnormality was positional nystagmus of the central type. The nystagmographic findings are shown in Fig 22. With the head to the right, marked nystagmus is present with its rapid component directed to the left. With the head to the left the direction of the nystagmus is reversed. It will be noted that the nystagmus observed occurs with visual fixation maintained in the straight ahead line of gaze. At 1053 1054 Proc. R. Soc. Med. Volume 60 October 1967 certain points, fixation is abolished by darkness and the eyes are then seen to sweep round towards the undermost ear. There they maintain their position and the nystagmus ceases. With the restoration of fixation the eyes are brought back to the straight ahead line and the nystagmus reappears. As regards the neurological mechanism of the findings the inference would seem inescapable that they are dependent upon some derangement of the compensatory eye positioning reflexes which are subserved by the neck proprioceptors and/or the otolith organs. As shown by the records the essential effect of the abnormal reflex now found to be in operation is that neck turning brings about a marked ipsilateral deviation of the eyes. This is clearly apparent without visual fixation. With fixation, the straight ahead line of gaze can be maintained, but only with difficulty. Nystagmus appears and is, by definition, of the deviation-maintenance type.
The fuller neurological interpretation of the findings is a matter of great difficulty. An abundance of animal experimental data is available and some findings reported by Lorente de No (1926; 1931, p 222) would appear to have a certain relevance. Lorente de No destroyed the medial (triangular) vestibular nuclei in the rabbit and then observed that neck turning' to left or right produced a marked and sustained nystagmus; its direction in relation to that of the neck turning being identical with that which occurs in the central type of human positional nystagmus. Thus, neck turning to the right caused nystagmus to the left and vice versa.
Lorente de No explained his findings in terms of a derangement of the neck reflexes resulting from damage to certain associative mechanisms thought to be contained within the medial vestibular nuclei, and the application of his interpretation to the positional nystagmus observed in our patient deserves consideration. Here it can certainly be said that, as with the findings of Lorente de No, the stimulus used to evoke the nystagmus involved neck turning. On this account the nystagmus could as well be dependent upon a neck reflex, albeit in an abnormal form. Again, both the findings of Lorente de No and our own exhibit an identical relationship between the directions of the nystagmus and the neck turning. Finally, The anatomical evidence in our patient, though far 'The direction of neck turning: It is useful to specify this as for a screw, left or right-handed; its direction being unchanged from whichever end of the spiral it is viewed. Right turning of the neck may be produced by the turning of a subject's head to his right or of his trunk to his left. In either case the neck, regarded as a screw, is said to be turned to the right. This mode of description is of value since it is in harmony with and prepares us for certain physiological consequences of the neck turning. Thus with neck turning to the right, whether produced by turning of the head or body, the neck reflexes which result evoke one and the same compensatory displacement of the eyesto the left. With neck turning to the left, the eyes are displaced to the right. from exact, is certainly compatible with damage to the medial vestibular nuclei. However, certain well known species differences need to be considered and tend to limit the application to our human problem of the data of Lorente de No.
Thus, it is clear that in the neurological mechanism of central positional nystagmus in the human subject both neck reflexes and visual fixation are intimately concerned. Here, wide differences exist between the rabbit and man. Thus, visual fixation, so important in man, is poorly developed in the rabbit. In the case of the neck reflexes, these are powerful in the rabbit and play an important part in the positional control of the eyes. In man, however, this is far less conspicuous.
Nevertheless, when due allowance has been made for these differences, the findings of Lorente de No must command our close attention. They certainly remind us that in spite of various developments in the principles and practice of our clinical investigation of the vestibular system, scant attention is still paid to the neck reflexes. More is needed.
They should also direct our further consideration to the possible role of organic damage of the medial vestibular nuclei in the causation of the central type of human positional nystagmus.
